We have developed a gas-liquid chromatographic method for identification of mannose in serum hydrolysates by utilizing peracetylated aldononitrile derivatives. Experimentally infected rats and human subjects with candidiasis were studied. Peaks in unknown samples were identified by co-chromatography of reference carbohydrates. Inositol was used as an internal standard. (2, 8, 9, 14, 15, 19) or antigen (5, 7, 18, (20) (21) (22) by a variety of immunoassay techniques have been shown to be useful in the diagnosis of this disease. Identification of increased amounts of L-arabinitol and mannose or mannan in serum by gas-liquid chromatography represents another potentially useful approach (3, 6, 10, 11, 16 A Hewlett-Packard dual-flame ionization gas-liquid chromatograph, model 5831A, equipped with HewlettPackard computerized data processing system model 18850-A and coiled gas columns (1.8 m length, 3 mm internal diameter), was used. The columns were packed with OV-225 (25% phenyl, 25% cyanopropyl, methyl) on 80/100-mesh Chromosorb W (Alltech Associated, Inc., Arlington Heights, Ill.). Column temperatures were programmed from 170 to 229°C at 1 and 2°C per min, to commence at 0 and 10 min, respectively, with a time delay at 220°C of 5 min between runs.
We have developed a gas-liquid chromatographic method for identification of mannose in serum hydrolysates by utilizing peracetylated aldononitrile derivatives. Experimentally infected rats and human subjects with candidiasis were studied. Peaks in unknown samples were identified by co-chromatography of reference carbohydrates. Inositol was used as an internal standard. Mannose was identified in hydrolysates of normal rat (391.85 ± 66.18 ,ug/ml) and human (297.87 + 77.81 ,ug/ml) sera. Significantly increased concentrations of mannose (>526. 21 ,ug/ml) were demonstrated in hydrolysates of sera from 26 of 36 (72%) experimentally infected rats tested 1 or more days after onset of infection. Significant increases (>453.49 ,ug/ml) were also seen in humans with localized (6/15), transient (2/2), and disseminated (5/7) candidiasis. The concentrations were highest in patients with candidemia occurring either transiently or as part of disseminated infection. The concentrations in patients with localized candidiasis were lower but were still significantly greater than control. These data suggest that changes in mannose concentration, as measured, may serve as markers of candidiasis. The amount of mannose present may be in part a function of the extent of the infection.
Disseminated candidiasis is a significant cause of death in compromised hosts (23) . Improved methods of diagnosis are needed. Measurement of antibody (2, 8, 9, 14, 15, 19) or antigen (5, 7, 18, (20) (21) (22) by a variety of immunoassay techniques have been shown to be useful in the diagnosis of this disease. Identification of increased amounts of L-arabinitol and mannose or mannan in serum by gas-liquid chromatography represents another potentially useful approach (3, 6, 10, 11, 16 A Hewlett-Packard dual-flame ionization gas-liquid chromatograph, model 5831A, equipped with HewlettPackard computerized data processing system model 18850-A and coiled gas columns (1.8 m length, 3 mm internal diameter), was used. The columns were packed with OV-225 (25% phenyl, 25% cyanopropyl, methyl) on 80/100-mesh Chromosorb W (Alltech Associated, Inc., Arlington Heights, Ill.). Column temperatures were programmed from 170 to 229°C at 1 and 2°C per min, to commence at 0 and 10 min, respectively, with a time delay at 220°C of 5 min between runs.
Derivatization procedure. A modification of the procedure described by Griggs et al. was utilized (4). The following conditions were varied to find the most efficient procedure: acid (3 N and 6 N HCl), temperature (70 and 100°C), and duration of hydrolysis (3, 6, 9 , and 12 h). The following conditions were adopted. In the first step (hydrolysis), 50 ,ul (5 mg/ml) of inositol (internal standard) was added to 400 p.l of serum or medium, followed by 1 ml of 6 N HCI, and was held at 70°C for 12 h. After cooling and neutralization to pH 7.0 with sodium hydroxide, the sample was lyophilized. In the second step (reduction), 300 Ll of hydroxylamine hydrochloride (50 mg/ml) and 2 ml of methanol were added. The One microliter of this solution was injected into the gas chromatograph.
Standardization. A series of standard solutions was prepared consisting of meso-erythritol,
ribitol, galactitol, and myo-inositol, each at 250 ,ug/ml. These materials were derivatized and chromatographed to obtain appropriate response factors and relative retention times. A mixture of standards was then prepared and chromatographed at the beginning of each experiment (Fig. 1) . The concentration of carbohydrates in unknown samples was determined by reference to an internal standard (myo-inositol), using a Hewlett-Packard 1885 OA computing integrator.
In vitro studies. A 100-ml volume of synthetic medium was inoculated with C. albicans and incubated at 370°C for 72 h on a shaker platform. The supernatant was removed by centrifugation and held at -70°C until analyzed. Control (uninoculated) medium was treated in a similar fashion.
Experimental model. C. albicans was harvested from 48-h Sabouraud dextrose agar slants and then washed three times in normal saline. Inocula were adjusted by chamber count and confirmed by colony count. Groups of rats (four rats each) were inoculated intravenously with 6 x 105 to 2 x 107 colony-forming units (CFU) of C. albicans, and the mortality in each group was determined. Organ involvement was determined by sacrificing animals before and from 1 to 6 days after inoculation and removing organs for quantitative culture. Organs were removed, weighed, and homogenized in 10 ml of normal saline in sterile grinding tubes. Serial 10-fold dilutions were set up in sterile test tubes and were plated out on Sabouraud dextrose agar. The extent of infection in each organ was then calculated and expressed as CFU per gram of tissue. Animals were anesthetized with ether before sacrifice for either quantitative organ culture or venipuncture. Blood was obtained from experimental animals via the inferior vena cava. Sera were Etored at -70°C until tested. Derivatized material was chromatographed immediately and held at -40°C for rechromatography if needed without significant loss of material over several months. Blood urea nitrogen and serum creatinine were measured in control (uninoculated) and infected animals by an automated analyzer (Gemeni; Electro-Nucleonics, Inc.).
Human subjects. Sera were collected from patients with candidiasis and control subjects. Diagnostic criteria have been described previously (9) . Sera were held at -70°C until tested.
Statistical tests. The significance of difference between various groups of data was analyzed by analysis of variance (one-way) and by the Student t test (1).
RESULTS
In vitro studies. Chromatograms of the peracetylated aldononitrile derivatives of synthetic media before and after growth of C. albicans indicated that a significant increase in peaks 5 and 6 and a decrease in peak 7 occurred. These peaks co-chromatographed with arabinitol, mannose, and glucose, respectively. The concentration of carbohydrate in peaks 5 and 6 rose from less than 10 to 860 ,ug/ml and from 91 to 489 ,ug/ml, respectively, whereas the concentration in peak 7 fell from 22 to 14 mg/ml.
Experimental model. In the experimental model, survival ranged from greater than 14 days in animals challenged with 6 x 105 CFU of C.
albicans to less than 1 day in animals challenged with 2 x 107 CFU. An inoculum of 4 x 106 with a median survival of 4 days was chosen for subsequent experiments.
C. albicans was recovered from all organs and blood 1 h after inoculation. Subsequently, the colony counts in the kidney increased, whereas the colony counts in other organs decreased and the blood cultures became negative. Renal failure was noted in all experimental animals by day 5. The blood urea nitrogen rose from 21.5 + 5.97 to 32.25 ± 2.98 mg/dl, and the creatinine rose from 0.6 ± 0.18 to 6.07 ± 2.39 mg/dl. Chromatograms of the peracetylated ald nitrile derivatives of serum before and inoculation demonstrated an increase in pez and 6 ( Fig. 2 and 3 ). These peaks co-chron graphed with arabinitol and mannose, re, tively.
The concentration of carbohydrate in pe was 391.85 ± 67.18 ,ug/ml before the ons infection (Table 1) Arabinitol concentrations could not be assessed in either experimental animal sera or human subjects because this region of the chromatogram was not well delineated in all sera. Sera from control and experimentally infected animals and human subjects were chromatographed without inositol as an internal standard to rule out changes in the region of inositol (peak 10) which might affect the results. No significant changes were seen. Sera from candidiasis patients with renal failure were chromatographed without inositol to rule out changes in inositol which might be due to renal failure. No significant changes in inositol levels were identified. Five of the patients in the control group had elevated blood sugar (155, 220, 240, 190, and 321 mg/dl). The mannose concentration in this group was 350.6 ± 91.2. None of the control patients had renal failure.
In 1974 Miller et al., utilizing gas-liquid chromatography, identified a series of compounds produced by C. albicans in vitro (10) . The lono-compounds were chromatographed as trimethylafter silyl derivatives. Several of these peaks coaks 5 chromatographed with mannose. Presumably, nato-this mannose was derived from mannan, the spec-principal polysaccharide found in the cell wall of C. albicans. Concentrations were expressed as ,ak 6 ratios of peak areas relative to palmitic acid. ,et of Increased areas of the peaks of interest were was demonstrated in the sera of some patients with tn for disseminated candidiasis. for standardizing the assay by using external standards was proposed.
We have utilized aldononitrile derivatization of hydrolyzed serum to detect free mannan, a polymer of mannose as well as mannose itself. The hydrolyzation of serum, however, leads to the identification of all mannose present in the serum, including mannose present in glycoproteins.
We chose to use inositol as an internal standard since it produced a peak close to but clearly separated from mannose and arabinitol. Inositol has been used previously to identify and quantitate alditol acetates (4) . Although the derivatized inositol is not a peracetylated aldononitrile, it resembles these compounds in structure, polarity, and symmetry of peak, offers reproducibility, and chromatographs in an area which offers no interference with other components on OV-225 which was utilized in this study.
Pitkanen has reported that inositol levels were increased in the sera of patients with renal failure (13). We did not find this in the present study although renal failure was present in the experimentally infected rats and in some of the human subjects.
We were unable to resolve xylose, arabinitol, and ribitol with the methods utilized in the study. Significant increases of material in this region were observed in the supernatants of C. albicans cultures, as might be expected from the work of Kiehn et al. (6) . The sera of some experimentally infected rats also showed increases in this region. The region was not well delineated chromatographically, however, and we were unable to reach any final conclusions about changes in the arabinitol level in experimental animals or in human subjects.
Our primary objective was to study changes in mannose concentration. This area was well delineated chromatographically. Increased concentrations of mannose were demonstrated in the hydrolyzed sera from experimentally infected animals and humans with candidiasis. The concentrations were highest in patients with candidemia occurring either transiently or as part of disseminated infection. The concentrations in patients with localized candidiasis were lower but were still significantly greater as a group than those in control subjects. These data suggest that changes in mannose concentrations, as measured, may serve as a marker of candidiasis. The amount of this material present may be in part a function of the extent of the infection.
